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HUB FOR AIRCRAFT PROPELLERS.*
,.

BY WS Stieber.

In tinelJTechnischeBerichte der Flug-zeugmeisterei,1!VOIUme III,

No. 6, pages 221--229, the basic principle and the first fo~m of the

dynamometer hub are described. *;K This hub was adapted for a torque

of 100 i~kg(67.2 ft.-lb. ). Exhaustive ex-gerimentswere made with

it by F. Niil-]-era-rid“reported in supplement 8 of 1~,Zeitschrift ffir

FIUpjtecl~fiikund MOtorluftschi.ffahit.it’:’:~’ The knowledge thus ac-

quired was utilized for the construction of a.dynamometer hub for

200 mkg (134.4 ft.-lb.) torque and 1200 kg (2646 lb,) thrust suited

for a Liberty 111211 engine.

Fig- I shows a longitudinal sectj.on; Fig. 2, different cross-

SeC~i.012S;Figs. 3-4, outside views.

The hollow cone 101 (Fig. 1), which is held-on the conical end

of the engine shaft

that the assembling

103, which can both

by nut 105, is imade thicker at its base, so

stresses are absorbed without damage. The hub

rotate and slide horizontally, fits the cylin-

drical outer surface of cone 101 (Fig. 5). The propeller is se-

sured to the hub by means of flange 104 and.bolts 1-14. A cone

* From “Zeitschrift ffirFlugtechnik und Motorluf tschiffahrt,II
April 26, 1924, pp. 69-73.
*x S’ee ~?-;”L”j”~’;-Aj’Technic”~lNote Uo. 18; also NT.A.C.A. files NO.

5345-14, “Propeller Hub,,Dynarr.ometerfor Aircraft .!!
*** Fried.rich Mtiller: I[tiberden Einfluss d.erFlughohe auf das ver-
halten d-erFlugmotoren, 1!llBerichteund Ab’nandlungen der W.G.L.~II
1922, pP. 170-182.
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with tb.reekeys connects the hub with the pressure-box carrier 102

(Fig- 8). , Tfi-eyare held together by nut 10,6,which also serves,.,, .,

in dismantling, to remove cone 101 ● Safety nuts 107 and 108 prevent

loosening of nuts 105 and 1~06. Nut 108 also serves for removing

pressure-cylinder carrier 102 from cone 101.

In pressure-cylinder carrier 102 (Fig. 8) there are three sPec-

ially adjusted pres~re cylinders for receiving the torque and

thrust . Fig. ,1‘shows the a~rangement of the thrust cylinders 160,

whose rear ends are closed by cover 164, for offsetting the cen-

trifugal force of the oil, and are filled with oil while in use.

The force is transmitted from the socket bearing 118 in the

hub through a long rod 163 to a small intermediate piston 166 and

thence to piston 162. The accurate adjustment of these pistons is

maintained in the usual way, through the introduction of oil under

high pressure by means of a regulating piston-valve 168 (Fig. 6).

The torque pressure-cylinder 140 (Figs. 2 and 7), with piston 142
.

and piston-valve 141, operates in the same way. The centrifugal

\

forces of the hub and of the oil mutually offset one another in the 7
+

torque pressure- cylind-ers. The position of the piston thereby re-

quired, likewise enables the introduction of long piston-rod-s for

increasing the accuracy. If a piston-rod breaks, piston 162 is

prevented from escaping by cover 164, and piston 142 by split-ring
....... .,..-..,----

169”.’’’’-’*--’”’““If other disturbances occur in the force transmission, there

come into action, in both directions, stops which allow a play of

only one degree between pressure-cylinder carrier 102 and hub-103

(Figs. 5a,b and.8 f,g) .
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The oil transmission is accomplished the same as before,

through plug 121 with -:hreedclivcry holes and plug-guide 1,20with

three circ~mferential channels (Fig. 8) .., safety device 125 was

also retained, with ball bearings130. Intake pipes 185 pass

through this safety device and are joined, to plug 121 by mea-nsof

connections 138.
,.

The oil transmission from plug-@.ide 120 to the individual

pressure cylintlerswas coi~siderablymodified (Fig. 8). All.pipes

were eliminated, since they had often caused trouble lJybreaking.

All coilduitsconsisted of holes drilled in parts 120 and 102 and

in the pressure cylinders. All ~r~lnsi~~ons from one part to an- -

other are made, with-out tine use of packi-ngs,by grinding the parts

so they fit one another pe~fectly. Plug-guide 120 is secured to

the pressure-cyl.i.nd-ercarrier 102 by means of a flange and screw-

caps 164 of tinrustpressure-cylinders 160 (Figs. 1, 3 and 8) .

All conduits are continued to or ‘L&coughthe pressure-cylinder

carrier 102 by means of this flange, which completely closes 102

and 101 and-carries still another stop which holds nut 108 fast and

thus preven’~s the loosening of any part inside the d~ynarnometezhub.

Fig. 9 shows the dynamometer

on a test bench of the D v L

electric test bench with the

hub on a 400 Hp Liberty 111211engine

at Adlershof. Fig. 10 shows it on the

protecting hood removed.

The -apparatus for furnishing the requisite oil pressure was

mounted o-nthe instrument table along with the recording devices

(Figs. 11 and 12). The oil pressure was produced by a one–liter
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cylinder a of comp~essed air and was kept at about 30 atmospheres

by an automatic regulating valve b. The cylinder was also prO-..

vialedwith a pressure gage and safety valve. The pressure acts on

a Piston in a closed oil cylinder c. The.amount of oil in the

cylinder is indicated by the manometer d. More oil can be added

from 2.Qoil tank i by means of a hand pump e. The latter is so

constructed that the requisite oil pressure can be maintained.by

it alone, in case of failure of the compressed air.

The torque and.thrust pressures are recorded on

by the indicators f. A third indicator records the

the drum g

dynamic pres-

sure generated.by a Stieber disk. The drum g is turned 12° per

minute by clockwork and moves the paper 1..6cm (0.63 in.) per min-

ute. A thre~way cock h enables the transmission of the high-

-pressure oil directly into the torque-measuring pipe. This drives

the torque piston 3-42forward until the stops of the pressure–

cylinder carrier 102 (Fig. 8g) and of the hub 103 (Fig. 5a) come

together and eliminate all motion of these parts with respect to

each other, thus blocking the hub. This blocking is effected while

starting, during glides and when the engine runs irregularly, in

order to spare the hub. The connections k for the hub and for

the dynamic pressure disk are on the back of the instrument table
;.i
,?>i

~ (Fig. 12),
..... .--..-—--------(,:,“.

j~ Test .- The dynamometer
~

bench, as shown in Fig. 10,

. ... .. -.—.

hub was mounted on an electric test-

the instrument table being in the small

booth in front of the test bench.
.

*
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The load was applied by stages, as

resents the torque and T the thrust>

strong, gusty wind blew on the front of

motion of the propeller very unsteady.

strong oscillations of the balances and

5

shown by Figo 13. Q rep-

During the test a rather

the building and made the

This was indicated both by

especially by irregular i-

ties in the records (Fig. 13) . Hence the mean.values had to be

found under the different loads, aS indicated by the vertical lines”

Regarding diagram stages 5 and 6, consisting of two parts each, it

is to be remarked that the first part was obtained during the ad-

justment of the test bench, while the second part gives the con-”

stant loading and is taken for the evaluation. Fig. 14 ,showsthe

values obtained on the test bench, as taken from Figs 13 m It is

apparent that the test-bench deviations from the constant torque

and thrust curves are just as large and often larger than those of

the dynamometer hub. The errors of the dynamometer hub in compar-

ison with those of the test bench were th~refore omitted= The test.

gives the following constants and expressions for the dynamometer

hubS:

Q = 9.96 X ~ mkg = 1830 X #ft.-lb.

ii
T,=60x : kg = 3360 X ~ lb.

~11:

!.! in which Q is the torque in meter-kilograms (mkg) or foot-pounds

4, (-ft.-lb.); T thrust-in kgor lb.; h height of diagram in mm or

inches; s the unit of the indicator spring in mrn/atms

The dynamometer was also tested on the engine test bench (Fig*9]:
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Fig. 15 gives tineresulting diagram for torque and thrust under var-

ious loads. It Viillbe observed that the thrust indicator at one>, ,.

point does not immediately follow the torque, probably on account

of t’nefreezing of a drop of water. The diagram shows how well and

quickly the indicators responded to the load changes. The tOrque

curve even shows the torque impulses of the individual cylinders.

Such sensitiveness is not desirable in flight experiments. A finely

drawn line was obtained by reducing the size of the pipe- This line

was retained for a.short time (over the first Q in Fig. 15) at the

begin~ng of the torque curve.

Moreover, there was only a very small oil consumption, so that

an experiment was often perfoimed with only one filling of the oil

cylinder without using the compressed air- The consumption was on-

ly about 0.3 liter (.08 gal.) per hour, though a consumption of one

liter per hour was planned for. This fact not only rendered a

longer experiment possible, but it also enabled the observer, even

without air, to continue the experiments, since.he had to pump

only once or tvice a minute.

The dynamometer hub ran without disturbance for several days

‘of experiments, which had to be perfortned”in an open shed. Only in
$.,>* the Pressure transmission there occurred slight throttling effects,‘1ji,

which were caused by frozen drops o_fwater,which had gotten into&+\ .A.*.+*,.am.,,,m..T,....... .

the pipes while being installed (Fig. 15). These obstructions

‘were easily removed by blowing out the pipes in a warm room. After

removal from the test bench, the parts were examined and found unin-

jured.

— .-—
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‘“‘Reversing device .- Figs. 15 and 17 show a so-called reversing——

device with which compression forces, instead of traction forces,

are measured. This particular” example was designed for a 400 Hp

Maybaeh engine. It consists of a cone 351 with a flange,,which is

fastened to the flange of the engine and receives the dwamometer

hub. It has a flange 352 i.nstea,dof the propeller flange 104 of

Fig. 1. It has three socket bearings 360 and three bushings 368,

which lie in the exact direction of ihe socket bearings 118 (Fig.

16). In bushings 368 aiid369 there move the rods 362 in whose

sockets sit the th”rustpiston-rods 163. On flange 351 (Fig- 17)

there are three pairs of double levers, 353 and 373, movable on

ball bearings. On both ends of these levers, likewise on ‘~allbear-

ings, are the sockets 357. In these sockets there work, on the one

hand, three rods 361, whose opposite.ends press on the rods 362,

and, on the other hand, three rods 376 (not represented) which end

in sockets 360 of flange 352.

Hence the forces generated-by a pusher propeller, after start-

ing from flange 352, operate in turn on sockets 360, rods 352, re-

versing levers 353 and 373 with sockets 35?, rods 363, 362 and 163

and then on the pressure-cylinder piston rods 163.

This reversing device was designed in order’to enable the in–

stallation of dynamometer hubs on the ZR-3, built at Fried-rich-
,.,.- .....

shafen. It is intended to use them on the trial flights for deter-

mining the drag of the airship.

Translation by Dwight M. Miners
National Advisory Committee for Aeronautics- “

1-.
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Fig.9 Preia8ure-cyl~nderoarrier 103
with preesure-cylinder and
plug guide.

a) Preamire-ovlinder oarrier 102
b) Torque cyl~naer
U) Safety_devl.o.e
f-)Front stop
h) Sorew cap 164

Plug guide
piPE16 185
Rear stop

12C

Fig.6 Thrust Oyllnder 160,

1
a Cylinder 160
b Pieton 162
o) Piston-support rod 163
d) Sc!rewoap 164.— ..—

Flg.5 Hub 103 with flange
a) Backward stop
b] Forward stop
c) Torque sookbt-bearing 111
d) Hole for thrust bearing 112
e) Adjustment mark

)
a)-Oyllnd& lh,,
b) Platen-eupport rod 162

,:
L_

,0 Oil inlet
d Sorew@%p 164,—..----

i.

-----
_,._,,+5~ -. +7----=.

>rwt%, ,- . ,
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Fig.11 Instrument table
a) Compressed-air cylinder
b) Reducing valve with gage

and safety valve
c) Pressure-oil oylinder
d) Manometer for oil pressure
e) Hand pump f) Indicator
q) Drum h) 3-way oock

F’Lg.12Rear””’vLewof ~nstr~ent’t~ble
\.a,IAim ~lc c) oil Oyl.

?

i) Oil tank
k Connections for dynamometer hub

and preBsure disk.
llgC)2A.S.
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Dynamometer hub No. 2
T=Tkrust

_2T8 B;&’;” m“ ‘

Q=l’orque

Zero line
Fig. 13 Tesz diag~am of dynamometer hub, made o-nelectric—

2000

1800

600

400

200

0

test bench

Dynamometer hub tests on
electric test bench.
T==Thrust in lb.(1 lb.=

0.454 kg)
Q=Torque in ft.-lb.

(1 ft.-lb.=O.l383 [‘d
m-kg )

- Dynamometer hub
o Test bench / Iml i

/, 1

400 800 1200 1600
R.P.M.,N

Fig. 1A Test diagram of dynamometer hub
according to values obtained from
Fig. 13

T=Thrus\-~
.Q=Torque

r ‘3’n~Fci6\
U\ ~&\_

Zero line
Fig. 15 Diagram of dynamometer hub for Iiibert;

engine at different loads.
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